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UHTOnATOJIOrHHECKOE BJfflflHHE 3H30TOKCHHOB 
BACILLUS THURINGIENSIS ISRAELENSIS 
HA KHIUEHHHK JIHHHHOK KOMAPOB AEDES AEGYPTI 

© H. A. 3ajiyHHH, C. K). HaiiKa, M. A. flpoHHHa, JI. n. PeBHHa 

C nOMOmbK) 3JieKTpOHHOH MHKpOCKOnHH H3yHeHa flHHaMHKa naTOJIOrHHeCKHX H3MeHeHHH B 
yjibTpacTpyKType KHuieHHHica uhhhhok II B03pacTa KOMapa Aedes aegypti npH hx o6pa6oTKe tokch- 
HaMH CryllA h Cry4B Bacillus thuringiensis israelensis. IloKa3aHO, hto HaH6ojibuiHe yjibTpacTpyx- 
TypHbie H3MeHeHH5I B KHIlieHHHKe JIHHHHOK npOHCXOUaT B odnaCTH CpeflHeH KHUIKH. U(HTOnJia3Ma 
KJieTOK noasepraeTca ae3HHTerpauHH, b Hen o6pa3yiOTca yanHHeHHbie jiaKyHbi. KoannecTBO MHKpo- 
bopchhok yMeHbuiaeTCH, jih6o ohh pa3pyiuaiOTca. IlepHTpocjjHHecKaa o6ojiOHKa CMemaeTca b nojiocTb 
cpe^Hefi KHiiiKH. B yjibTpacTpyKType KJieTOK snHTenHa h KyTHKynapHOH BbiCTHJiKH nepeaHen h 3auHeH 
khlukh He OTMeneHO KaKHX-jin6o H3MeHeHHH no cpaBHeHHio c KOHTpojieM. HaH6ojiee CHjibHbie 
pa3pyiueHH5i snHTenHa cpeaneii khlukh npoHexoaaT noaaeiiCTBHeM TOKCHHa Cry4B. 


EaKTepna Bacillus thuringiensis israelensis aBHaeTca 3cJjcf>eKTHBHbiM cpeacTBOM 6opb- 
6bi c Bpe^HbiMH HaceKOMbiMH, b nacTHOCTH c nepeHOCHHKaMH TpaHCMHCCHBHbix 6oae3Heii 
nejiOBeKa h jkhbothmx. MHceKTHUHAHaa aKTHBHOCTb Bacillus thuringiensis CBa3aHa c 
HajiHHHeM 6ejiKOB, H3BecTHbix KaK 8-3HflOTOKCHHbi, KOTopbie npoayunpyiOTca GaKTepnew 
b npouecce cnopyaauHH. 

3Hfl0T0KCHHbi B. thuringiensis npeacTaBaaiOT co6oh ueabiii KJiacc 6eaKOB, KOTopbie 
pa3JIHHaiOTCa nepBHHHOH CTpyKTypOH H CIieUH(})HHHOCTbK) SHTOMOUH^HOrO 3C})C})eKTa. Ha- 
npHMep, SH^OTOKCHHbi, OTHOcamneca k rpynne Cryl, TOKCHHHbi b OTHomeHHH Lepidopte- 
ra; Cry3 — ana jihhhhok Coleoptera, Cry4 h Cry 11 — Diptera. Tokchhm rpynnbi Cry2 
o6jiaaaiOT aBOHHOH cneuHc|3HHHOCTbK) — k Lepidoptera h Diptera. 

3HaoTOKCHHbi B. thuringiensis hmciot MoaeKyaapHyio Maccy 70 h 130 Kfla. 3HaoTOKCH- 
hw c MOJieKyjiapHOH Maccoii 130 Kfla aBuaiOTca npoTOKCHHaMH, KOTopbie npeBpamaiOTca b 
tokchhm c MOJieKyjiapHOH Maccoii 65—70 Kfla noa aewcTBHeM npoTeouHTHHecKHX c})ep- 
MeHTOB, coaepacamnxca b KHiueHHHKe HacexoMbix. 3HaoTOKCHHbi c MoaeKyaapHoif Maccoii 
70 Kfla b aKTHBauHH He HyacaaiOTca. Tokchhm o6aaaaiOT oneHb CHabHbiM naToaornnecKHM 
aeiiCTBHeM Ha HacexoMbix. HaceKOMbie noa B03aeiiCTBHeM tokchhob npexpamaiOT nHTaTb- 
ca, nocKoabxy HacTynaeT napaann KHiueHHHKa, a npH6aH3HTeabHO nepe3 30 mhh HaOaioaa- 
eTca pa3pymeHHe snHTeana KHiueHHHKa. IIoKa3aHO, hto naToaorHHecKHH 3cj)cj)eKT 3Hao- 
TOKCHHa BbipaacaeTca b OTTopac eH hh snHTeanaabHbix KJieTOK b noaocTb cpeaHeii khlukh, 
npoHexoaHT oOHaaceHHe 6a3aabHoii MeMOpaHbi h nepe3 nocaeaHioio MoryT npoHHKaTb 
BereTaTHBHbie OaKTepnaabHbie kuctkh (Sutter, Raun, 1967). 

BcKope nocae oOHapyaceHHa HHceKTHunaHbix cbohctb y B. thuringiensis CTaan H3ynaTb 
rncTonaToaorHHecKHH 3cf)(|)eKT TOKCHHa Ha opraHH3M HaceKOMbix. B HaHOoabiueii CTeneHH 
rHCTonaToaornnecKoe BanaHHe TOKCHHa H3yneHO Ha ryceHHuax HeiuyeKpbiabix h npn stom 
ycTaHOBaeHO, hto raaBHOH MHiueHbio aeiiCTBHa TOKCHHa aBaaeTca cpeaHaa KHiuxa (Endo, 

Nishiitsutsuji-Uwo, 1980). 

IIpH aHaaH3e naToaorHHecKHX H3MeHeHHH b KHiueHHHKe aHHHHOK IV B03pacTa ko- 
Mapa Aedes aegypti (L.) noa aeiiCTBHeM KpncTaaaoB 3HaoTOKCHHa B. thuringiensis b ao3e 
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8 x 10 -6 miYmji HaSjno^ajiocb pa3pyuieHHe CTpyKTypbi snHTeAnx cpeAHen khuikh c Ae3HH- 
Terpaunen mhothx KneTOHHbix opraHejui (Charles, de Barjac, 1983). II oa AencTBneM 

TOKCHHa npOHCXOflHT yTepfl KJieTKaMH MHOrHX MHKpOBOpCHHOK, H3MeH5ieTC5I (JjOpMa MHTO- 
xohaphh, H3MeH5ieTC5i TaKxe CTpyKTypa nepHTpocjDHHecKOH MeM6paHbi (HanKa h Ap., 
2000 ). 

Ilocjie o6pa6oTKH KpHCTajuiaMH B. thuringiensis ahhhhok KOMapoB Culex fatigans y 
nocneflHHX HaOjno^ajiHCb H3MeHeHnx b yjibTpacTpyKType nepeAHen h 3aAHen nacra cpeAHen 
khuikh (Wang, 1992). B nepeAHen nacra HaOniOAaAacb ranepTpo(t)H5i kjictok, BaKyonH3a- 
unx hx UHTonjia3Mbi, ho nepHTpocjjHHecKax oOojiOHKa ocTaBanacb HenoBpexAeHHon, a 
3nHTeJIHH COXpaHajI MOHOCAOHHOCTb. KjieTKH 3aAHeH HaCTH epe^Hen KHUIKH 6bIAH noBpex- 
AeHbi b Oonbinen CTeneHn: HaOnioAaAHCb jih3hc, o6iuax Ae3HHTerpaunx mohocaox snHTe- 
jiHfl, nepHTpocjjHHecKax oOonoHKa pa3pyuiajiacb. 3aMeTHbie yjibTpacTpyKTypHbie H3MeHe- 
HHX 6bIAH XapaKTepHbl AAA MHTOXOH^pHH H 3HAOnAa3MaTHHeCKOrO peTHKyjiyMa. 

Uejibio HacToamen paOora 6biJio AeTaAbHoe H3yneHne uHTOAornnecKoro scJxjjeKTa 
6ejiKOB-TOKCHHOB CryllA h Cry4B H3 Bacillus thuringiensis israelensis Ha khihchhhk 
H yBCTBHTejibHoro HaceKOMoro (KOMap Aedes aegypti). 


MATEPHAJI H METO^bl 

HaceKOMbie. PaOoTy npoBOAHAH Ha AHHHHKax II B03pacTa KOMapa Aedes aegypti L. 
(Culicidae: Diptera), KOTopbix OTOupajiu H3 AaOopaTopHon KyjibTypbi. 

Bbi^ejieHue h aKTHBaunx 3HTOMOUHHHbix 6en kob. B KanecTBe tokchhob 
HCn0JIb30BajIH 3HAOTOKCHH CryllA H aKTHBHpOBaHHblH 3HAOTOKCHH Cry4B H3 Bacillus 
thuringiensis israelensis. Shaotokchhbi Cry4B h Cryl 1A BbmeAXAH H3 KpucTajuiOB uiTaM- 
Ma B-2395 COHeTaHHeM MeTOAOB H36upaTeJIbHOH SKCTpaKUHH H HOHOo6MeHHOH xpoMaTO- 
rpac()HH Ha MonoQ (Kpurep h Ap., 1999). fljifl noAyneHHx 3HAOTOKCHHa KpucTaJuibi urraM- 
Ma B-1225 B. thuringiensis alesti pacTBopxAH 0.05 M KapOoHaTHbiM 6yc|)epoM, pH 10, 
coAepxcamHM 0.01 M flTT. 3haotokchh Cry4B aKTHBupoBajiu xHMOTpuncHHOM (1 h, 37°, 
cooTHOiueHHe (JiepMeHT : 6ejiOK — 1 : 100). 

flo (|)HKCaUHH JIHHHHOK nOABepraAH o6pa6oTKe paCTBOpaMH TOKCHHOB B UHTpaTHOM 

Oycjjepe. Tokchh Cryl 1A npnMeHXAH b KOHueHTpaunxx 100 h 25 ht/mji. Tokchh Cry4B — 
40 h 10 hiVmji. 06pa6oTKy BejiH 15 mhh, 1 h 3 h. 3th KOHueHTpaunn 6buin 6ojibiue hjih 
MeHbiue 3HaneHHH LC50, onpe/iejieHHbix b xoue HacTOxiuen paOoTbi. KoHTpojibHbix jihhh¬ 
hok BbiAepxcHBajiH b UHTpaTHOM 6ycf)epe b TeneHHe 3.5 h. 

OnpeuejieHHe LC50 6ejiKOBbix tokchhob CryllA h Cry4B. 3Kcne- 
pHMeHTbi no OnoTecTHpoBaHHio npoBOAHJiu Ha jiHHHHKax A. aegypti II B03pacTa. Hax 6ojiee 
scJxjjeKTHBHoro yjiaBjiHBaHHH cf)HJibTpyK)mHM annapaTOM jihhhhok tokchhm ocaxcaaAH, 
AoOaBAxx 1 M jiHMOHHyio KHCJiOTy ao pH 4.5. B paOoTe ncnoAb30BaAH no 5 KOHueHTpaunn 
cycneH3HH KaxtAoro TOKCHHa: aax CryllA — 250, 60, 15, 4 h 1 ht/ma; aax Cry4B — 60, 
15, 4, 1 h 0.25 hiVma. no 10 ma cycneH3HH Kax<AOH KOHueHTpaunn nepeHOCHAH b nAacTH- 
KOBbie KOHTeHHepbl, B KOTOpbie 3aTeM nOMeiUaAH 10 AHHHHOK. KOHTpOAbHbIX HaceKOMbix 
coAepxcaAH b 0.05 M Na-unTpaTHOM 6ycf)epe, pH 4.5. HaceKOMbix BbiAepxcnBann npH 28° b 
T eneHne cyTOK h noACHHTbiBann npoueHT nornOiunx. Bee SKcnepHMeHTbi npoBOAHAH b 
6 noBTopHOCTxx. BeAHHHHy LC50 hbxoahah mctoaom npo6nT-aHaAH3a. 

OAeKTpoHHO-MHKpocKonnHecKoe hcca eAOBaH h e. JIhhhhok nocAeAOBa- 
TeAbHO (J)HKcnpoBaAH b 2.5 %-hom pacTBope TAyTapoBoro aAbAernua b cjjoccjjaTHOM Oycjjepe 
(pH 7.3) h 2 %-hom pacTBope HeTbipexoKncn ocmhx, b tom xce Oycjjepe. B npouecce 
o6e3BOXHBaHHA b cepnn B03pacTaK)iunx KOHueHTpaunn sthaoboto cnnpTa MaTepnaA koh- 
TpacTnpoBaAH ypaHHAaueTaTOM (HacbiiueHHbin pacTBop b 70 %-hom cnHpTe). IIocAe noA- 
Horo o6e3BOxcHBaHHA MaTepnaAa npoBeAH ero 3aAHBKy b CMecb cmoa 3II0H. Cpe3bi, 
npnroTOBAeHHbie Ha yAbTpaMHKpoTOMe LKB, KOHTpacTnpoBaAH pacTBopoM ypaHHAaue- 
TaTa b 70 %-hom sthaobom cnnpTe h OKpauiHBaAH unTpaTOM CBHHua no MeTOAy Pen- 
HOAbAca. H3yneHHe h cJxyrorpacjjHpoBaHHe cpe30B npoBOAHAH Ha sacktpohhom MHKpo- 
CKone JEM-100B. 


338 



PE3yjIbTATbI 


JIhhhhkh II B03pacTa (KOHTpojib). BbuiBjieHHfl xapaKTepa naTOJiorHHe- 
CKHX H3MCHCHHH B 3HHTCJIHH KHUieHHHKa JLHHHHOK KOMapOB nO^ fleHCTBHCM SHflOTOKCHHa 
CHanajia HaMH aeTajibHO HCCJiejjOBajiacb yjibTpacTpyKTypa snHTejiHfl KOHTpojibHbix jlhhhhok 
II B03pacTa. 

Cpe^H^a KHLUKa coctoht H3 o^HOCJiOHHoro snHTejiHajibHoro njiacTa. B cocTaB snHTe- 
JIHJI epe^HeH KH11JKH BXOJJ5IT CTOJlOnaTbie KJieTKH, HMeiOmwe THFIHHHOe CTpoeHHe, CBOHCT- 
BeHHoe TpaHcnopTHpyiomHM snHTejiHAM. Y Taxwx kjictok anHKajibHaa noBepxHOCTb no- 
xpbiTa MHKpoBOpCHHKaMH, a 6a3ajibHa5i nacTb kjictok npeo6pa30BaHa b 6a3ajibHbiH Jia6n- 
pHHT. C BHeiuHeii CTOpOHbi snHTejiHH BbiCTjiaH 6a3ajibHOH MeM6paHOH. BoKpyr snHTejiHfl 
cpejmen khlukh pacnojioxceHbi npomnbHbie h nonepenHbie cjioh Mbiiuu. OopMa h pa3Mep 
SnHTeJIHaJIbHbIX KJieTOK pa3JIHHaiOTC5L, HTO CB5I3aHO C HX B03paCT0M H cf)yHKUHOHaJlbHbIM 
COCTOflHHeM. 

AriHKanbHbiH OT^eji kjictok npejjCTaBjieH MHKpoBOpCHHKaMH. B nepejjHeM oxaejie 
cpe^Hew khlukh MHKpoBopcHHKH 3anacTyio He o6pa3yiOT npaBHjibHoro cjioa, w hx jyiHHa 
cocTaBjiaeT okojio 1 mkm. B 3ajjHeM OTjjejie cpejjHeH khlukh jyiHHa mhkpobopchhok yBe- 
JLHHHBaeTC5L Jl O 2.5 MKM. BHyTpH MHKpOBOpCHHOK o6Hapy>KHBaK)TC5L TOHKHe npOflOJLbHO 
OpHeHTHpOBaHHbie cjjHJiaMCHTbl. C HapyXCHblM CJLOeM KJieTOHHOH MeM6paHbI MHKpOBOpCH- 
HOK CB5L3aHbl HHTH mHKOKaJLHKCa. FjLHKOKajLHKC, eCJLH OH BbI5IBJI5ieTC5I, HMeeT LUHpHHy nO- 
pajlKa 0.02 mkm. O^HaKO Ha MHornx MHKpoBopcHHKax mHKOKajiHKC He oOHapyxcHBaeTca. 

Jlexcamaa b6jih3h mhkpobopchhok nepHTpoc})HHecKaa oOojionKa HMeeT LunpHHy 0.2— 
0.3 mkm. B oOojLOHKe oOHapyxcHBaeTca HecKOJibKO cjlocb, a npn OojibiuHX yBejiHHeHHJix 
(nopjLjuca 100 Tbic.) b Hen moxcho BbuiBHTb h npojjojibHO opneHTHpoBaHHbie c})H6pHJUibi. 

UHTOnjLa3Ma KJieTOK BbirjULflHT flOCTaTOHHO SJLeKTpOHHO-njLOTHOH. B KJLeTKaX cojjep- 
XCHTC5I 5L,apO flHaMCTpOM OKOJLO 9 MKM. nOJTbJLflepHyiO oOjiaCTb KJLeTKH 3aHHMaeT 6a3ajLb- 
HblH JLaOnpHHT, npejJCTaBJieHHblH flOCTaTOHHO pa3BeTBJLeHHOH CeTbLO UHTOnjLa3MaTHHeCKHX 
TjixceH, b KOTOpbix cojjepxcaTCJL mhtoxoh^phh. KaKHx-jLn6o CHjibHbix pa3pyiueHHH UHTO- 
njLa3Mbi KneTOK, Bbi3BaHHbix coaepxcaHHeM jlhhhhok KOMapOB b Oycjjepe nepea hx cjjHKca- 
UHen, He BbiflBjieHO. He oOHapyxceHO h pa3pymeHHH 3aflHeH khlukh. 

JIhhhhkh, o6pa6oTaH h bie sh^otokchhom CryllA. IIocjLe HHKyOaunn 
jlhhhhok II B03pacTa b npHcyTCTBHH 100 ht/mji SH^OTOKCHHa CryllA b TeneHne 15 mhh y 
HHX He HaOjLIOflaeTCfl JipKO BbipaXCeHHbIX H3MCHCHHH no CpaBHeHHK) C KOHTpOJLeM. KJLeTKH 
snHTejLHJi coxpaHHjin cboio uejLOCTHOCTb. Hx anHKajLbHaa noBepxHOCTb noKpbiTa cpaBHH- 
TeJLbHO HeOoJLbLUHMH (5 MKM JUIHHbl) MHKpoBOpCHHKaMH, B KOTOpbIX OTHeTJLHBO BHflHbl 
Cj)HJLaMeHTbI (pHC. 1,7; CM. BKJL.). B OCHOBaHHH MHKpOBOpCHHOK JLOKaT MHOTHe MHKpOTpy- 
6ohkh. MeM6paHa mhkpobopchhok jiHiueHa mHKOKaJLHKCa. CnejjyeT OTMeTHTb jjocTaTOHHO 
xopoiuyio coxpaHHOCTb KaK fljjpa, TaK h uHTonjia3MaTHHecKHX opraHejLjL, b oco6chhocth 
MHTOxoHjtpHH. Ba3ajibHbiH jiaOnpHHT HMeeT npaBHjLbHoe anencToe CTpoeHHe; ero jLaKyHbi 
He ^opMHpyiOT y,ajiHHeHHbix KpynHbix BaKyojien. IlepHTpoc|)HHecKa5i oGojiOHKa HMeeT 
THnHHHoe CTpoeHHe. Ea3ajibHafl oOojiOHKa, noflCTunaiomafl ocHOBaHne kjictok, npejiCTaB- 
jieHa aMopc})HbiM cjioeM. 

riOCJLe o 6 pa 60 TKH TOKCHHOM, B3JITbIM B KOHUeHTpaUHH 25 Hr/M JL, B TeneHHe 1 H B 
snHTejLHH cpeflHen khlukh He BbiflBjieHO pa3pbiBOB. IlepHTpocjDHHecKafl oOojiOHKa, coctojl- 
maa H3 4 OTHeTjiHBbix cjLoeB, CMemeHa b nojLOCTb khlukh (pnc. 1, 2). Mhkpobopchhkh 
KJieTOK, pa3MemeHHbix b npejjejiax ojjHoro cpe3a, hmciot pa3Hyio cjjopMy h juiHHy: ot 
najLbUeBHJlHblX 0.25 MKM JJJIHHbl JJO CHJLbHO BbITJLHyTbIX 2 MKM JJJIHHbl. B MHKpOBOpCHHKaX 
coxpaHaiOTca npojiojibHbie cJ)HjiaMeHTbi, a Ha noBepxHOCTH MeMOpaH HMeeTca mHKOKa- 
JLHKCHOe nOKpbITHe. 

UHTOuna3Ma kjictok He no^Beprnacb cnjLbHOH ,ae3HHTerpauHH; b Hen HMeiOTca mhto- 
xoHflpHH, MeMOpaHbi rpaHyjL^pHoro peTHKyjiyMa, JLH30C0MM, sjLeKTpOHHO-njLOTHbie ceKpe- 
TopHbie BKjLiOHeHH5L. £^po oObiHHOH c})opMbi, a ero MeMOpaHa He noBpexcjjeHa. B okojlo- 
5L,aepHOH 30He hmciotc^ yjtJLHHeHHbie BaKyojLH, ho ohh He CB5i3aHbi jtpyr c jipyroM h, 
cjLejtOBaTejibHO, He (JiopMHpyiOT OojLbuiHX jLaKyH. Ba3ajLbHbiH jiaOnpHHT xopomo pa3BHT, ho 
H e npocTHpaeTca ^o 5L^pa. Ero mhtoxoh^phh hmciot xopoiuo coxpaHHBLUHecfl KpncTbi. 
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06pa6oTKa jihhhhok shuotokchhom Cry 11A (25 Hr/Mji) b TeneHHe 3 h Bbi3Bajia cjieuy- 
lomne H3MeHeHH«. 3nHTejiHH cpeuHeii khlukh xapaKTepH3yeTC5i aecTpyKTHBHbiMH nepTa- 
mh. FIepHTpocJ)HHecKaH o6ojioHKa npoxoflHT BAOJib MHKpoBopcHHOK Ha paccTOHHHH nop^a- 
Ka 5 MKM. MHKpOBOpCHHKH npeflCTaBJieHbl He6oJlbLUHMH naJIbUeBHOTbIMH BbipOCTaMH. 
XapaKTepHO nojiHoe OTcyTCTBHe mHKOKajiHKca Ha BHeumeH cTopoHe kjictohhoh MeMOpa- 
Hbi MHKpoBopcHHOK (pHc. 1,5). B UHTonjia3Me KjieTOK HMeiOTCfl ^jiHHHbie, HanpaBjieHHbie 
B^ojib KjieTOK pa3pbiBbi, KOTopbie npeACTaBjiaiOT co6oh yajiHHeHHbie jiaxyHbi 6a3ajibHoro 
jia6HpHHTa (pHc. 1, 4 , 5). FIocjieuHHH npocTHpaeTca uaxce b HauT^uepHyio o6jiacTb kjictok. 
flapa He pa3pymeHbi. AnHKajibHaa ofrnacTb kjictok aocTaTOHHO 3JieKTpoHHO-njioTHa5i, 
KjieTOHHbie opraHejuibi BbipaxceHbi He othctjihbo. Ha HeKOTopbix npenapaTax HaOjuouaeTCfl 
paccjioeHHe 6a3ajibHOH MeM6paHbi c yTpaTOH ee couepxcHMoro. 

HaKOHeu, 3-nacoBaa o6pa6oTKa tokchhom b KOHueHTpauHH 100 Hr/Mji npHBejia k TOMy, 
hto nepHTpoc|)HHecKaa oOojioHKa, cocToamaa H3 5 cjioeB, CMemaeTca b nojiocTb cpeaHen 
khlukh (pHc. 1, 6 ). MuKpoBopcHHKH anuKajibHOH noBepxHocTH pa3MemeHbi peryjiapHO, ho 
rjiHKOKajiHKc OTcyTCTByeT. B snHTejiHanbHbix KjieTKax 3aMeTHbi noBpexcueHHfl. Cpeun 
MHTOXOH^pHH MHOrO pa3UyTbIX, C HaCTHHHO yTpaHCHHblMH KpHCTaMH. B OKOJIOflUepHOH 
30He oOHapyxcHBaiOTca ymiHHeHHbie KpynHbie BaKyojiH. B uHTonjia3Me BCTpenaioTCfl 6ojib- 
uiHe jiH30coMonouo6Hbie Tejia. Hau 6a3anbHbiM jiaOnpHHTOM hmciotcji KpynHbie mhtoxoh- 
U pHH c pa3HOH CTeneHbio peuyKUHH kphct: ot He3HaHHTejibHOH jx o nonra nojiHon. 

JIhhhhkh, o6pa6oTaHHbie shaotokchhom Cry4B. 06pa6oTKa jihhhhok 
shuotokchhom Cry4B, B3«TbiM b KOHueHTpauHH 40 Hr/Mji, b TeneHHe 15 MHH npHBejia K 
cymecTBeHHbiM H3MeHeHH5iM anuTejina cpejLHen khlukh. Ha anHKajibHOH noBepxHocTH 
COXpaH5HOTC5I MHKpOBOpCHHKH, XOT X HX pa3MemeHHe OecnopjmOHHO. riepHTpOCf)HHeCKa5I 
MeMOpaHa tojiluhhoh 0.5 mkm pa3MemeHa Ha 3HaHHTejibHOM paccTosiHHH ot 3nHTejiH5i h 
coctoht H3 4 cjioeB, uBa H3 KOTopbix 3JieKTpoHHo-njiOTHbie (pHc. 2, 7; cm. bkji.). HaOjiioua- 
eTCH paccjioeHHe anHTejinajibHbix kjictok Ha oTuejibHbie oTceKH, CBjnaHHoe c nnyOoKHM 
npoHHKHOBeHHeM jiaxyH 6a3ajibHoro jiaOnpHHTa b rjiy6b KjieTOK. 3 th jiaKyHbi cJ)opMHpyioT- 
C5i OjiaroAapa cjihahhio OTuejibHbix nojiocTen 6a3ajibHoro jiaOnpHura. 

06pa6oTKa tokchhom b KOHueHTpauHH 10 Hr/MJi b TeneHHe 1 h npHBejia k cjieuyiomHM 
H3MeHeHH5IM. MHKpOBOpCHHKH KJieTOK XOT5I H pa3MemeHbI UOCTaTOHHO nJIOTHO, HO He 
o6pa3yiOT npaBHjibHbix pauoB. riepHTpo(})HHecKaa oOojionKa oxaajieHa ot mhkpobopchhok. 
O^HaKO b LLHTonjia3Me HMeioTca MHorne KJieTOHHbie opraHejuibi, CTpoeHHe KOTopbix coot- 
BeTCTByeT HopMe. BMecTe c TeM HMeioTCH HeoObiHHO uinpoKHe JiaKyHbi 6a3ajibHoro Jia6n- 
pHHTa, ocoOeHHO BOKpyr $mpa (pnc. 2, 8). Ea3ajibHbiH jiaOnpHHT b6jih3h 6a3ajibHoii MeM- 
OpaHbi HMeeT bhu, KaK b HopMe. PereHepaunoHHbie kjictkh coxpaHaioT HopMajibHbiH bha h 
CTpoeHHe. Ho b HeKOTopbix oOjiacTax cfiopMHpyioTca pa3pbiBbi, pacceKaiomHe KJieTKy ot 
oOjiacTH 6a3ajibHoro jiaOnpHHTa no anHKajibHoro oraejia. 

HccjieAOBaHHa 3auHero OTuejia KHuienHHKa He BbWBHJiH KaKHx-jinOo 3aMeTHbix uecT- 
pyKTHBHblX H3MCHCHHH. 

ripH B03UCHCTBHH TOKCHHa B KOHUCHTpaUHH 10 Hr/MJI B TeneHHe 3 H HanOoJiee CHJIbHbIM 
H3MeHeHH5iM nouBeprca anHKajibHbin oTueji snHTejinajibHbix kjictok cpeuHeH khlukh. Mhk- 
poBopcHHKH KjieTOK npeucTaBjieHbi TOJibKO cpaBHHTejibHo HeOojibLUHMH, HeperyjiHpHO 
pacnojioxceHHbiMH h yTOJimeHHbiMH BbipocTaMH. Hx jyiHHa nopaaKa 0.5 mkm. FIpHneM 
xapaKTepHo, hto TaKoe CTpoeHHe hmciot mhkpobopchhkh kjictok, Haxouflmnxcfl b pa3HOM 
Cj)yHKUHOHaJlbHOM COCT05IHHH, O HCM CBHfleTCJIbCTByeT HaJLHHHe KaK SJieKTpOHHO-nJIOTHbIX, 
TaK H 3JieKTp0HH0-np03paHHbIX KJICTOK. FjIHKOKaJIHKC OTCyTCTByeT. Cjie^yeT OTMeTHTb 
HaJLHHHe Hapa^y c oObIHHbIMH MHTOXOHUpHflMH HCKOTOporO KOJIHHCCTBa pa36yXLUHX MHTO- 
XOH^pHH C pe^yUHpOBaHHblMH KpHCTaMH. B UHTOnJia3Me KJICTOK Hapa^y c oObIHHbIMH 
HeOojibLUHMH BaKyojiHMH HMeioTca KpynHbie BaKyojiH, c^opMHpoBaBuiHeca, no-BHUHMOMy, 
nyTeM cjihahha 6ojiee mcjikhx. Ba3anbHbiH jiaOnpHHT HMeeT THnHHHoe aneHCToe CTpoeHHe; 
MHTOXOHAPHH 3fleCb 6e3 H3MCHCHHH. 

HaKOHeu, nocjie HHKyOauHH jihhhhok b TeneHHe 3 h b npncyTCTBHH 40 ht/mji TOKCHHa 
HaOjuouaeTca cjieuyiomaa KapTHHa. 3 hhtcjihh cpeuHen khlukh coxpaHaeT cboio uejiocT- 
HocTb. Mhkpobopchhkh BCTpeHaiOTC5i KaK xopouio BbipaxceHHbie, UJTHHOH okojio 2 MKM, 
TaK H nOHTH nOJIHOCTbK) peuyUHpOBaHHbie. FjIHKOKaJIHKC MHKpOBOpCHHOK BbipaXCeH CJia6o, 
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OOTaKO pa3pyiueHHH hx MeM6paHbi He Ha6jiiojtaeTC5i. B6jih3h mhkpobopchhok npoxo^HT 
nepHTpo^HHecKaa MeM6paHa tojuijhhoh 0.4 mkm. HanOojibuiHM jiecTpyKTHBHbiM H3MeHe- 
HH5IM nO^BeprjIHCb MHTOXOHJipHH. Ohm CHJIbHO pa3^yTbI, H B HHX nOHTH nOJIHOCTbJO 
OTcyTCTByioT KpHCTbi. Taxwe H3MeHeHHH CBOHCTBeHHbi MHTOxoHxipHHM Kax anHKajibHoro 
(pnc. 2, 9), Tax h 6a3ajibHoro (pnc. 2, 10) OTjjejiOB kjictkh. UnTonjia3My kjictok npoHH3bi- 
BaiOT ^jiHHHbie pa3BeTBjieHHbie BaKyojiH. 

Ba3ajibHbiH jia6npHHT coxpaHaeT CBoe aneHCToe CTpoeHHe (pnc. 2, 11). B HexoTopbix 
KJieTKaX OH npOCTHpaeTCH nOHTH JX O MHKpOBOpCHHOK (pHC. 2, 72), OflHaKO 3TO He BbI3bIBaeT 
c{)parMeHTauHH snHTejiHfl. 


OBCy^KJXEHHE PE3yJIbTATOB 

SHTOMOUH^Hbie KpHCTajuibi Bacillus thuringiensis israelensis BbicoKOTOKCHHHbi j\nn 
jihhhhok KOMapa Aedes aegypti (LC50 cocTaBJiaeT 0.8 Hr/MJi). MHjiHBHjiyajibHbie shjiotok- 
chhw CryllA h Cry4B, BbmejieHHbie H3 KpncTajuiOB, Taxxce scfxfieKTHBHbi npoTHB Aedes 
aegypti. O^Haico b stom cjiynae BejiHHHHbi LC50 (cootbctctbchho 75 h 15 ht/mji) cymecT- 
BeHHO Bbirne, neM y Hcxojmbix KpncTajuiOB. Bhjihmo, sto CBsnaHO c CHHeprH3MOM, HaOjiio- 
aaeMbiM npn ^chctbhh tokchhob (Chilcott, Ellar, 1988). 

fljlfl H3yneHHH UHTOTOKCHHeCKOrO 3({)C{)eKTa KaXCflblH H3 SHTOMOUH^HblX 6ejlKOB HCnOJIb- 

30BanH b jx Byx KOHueHTpauHHx — Bbirne h HHxce (b 1.5 — 3 pa3a) ero LC50. YnHTbiBafl to, 

HTO JIHHHHKH KOMapa 5IBJI5UOTC5I (JlHJIbTpyiOmHMH HaCeKOMbIMH, TOKCHHbl OCaXCflaJIH B 
UHTpaTHOM 6y<f>epe (pH 4.5) h npHMeHfljiH b BHjje cycneH3HH. IlpejiBapHTejibHo 6buio 
ycTaHOBjieHo, hto b UHTpaTHOM 6y4)epe jihhhhkh He rwOHyT h He 3aMejui5HOT CBoero 
pa3BHTHH. 

B SKcnepHMeHTax no OnoTecTHpoBaHHio Mbi noKa3ajin, hto Kax jyia KpncTajuiOB Bacil¬ 
lus thuringiensis israelensis , TaK h juih OTjjejibHbix tokchhob xapaKTepHa Bbicoxan cko- 
pocTb HacTynjieHHfl TOKcnnecKoro scJxJieKTa. Ilpn KOHueHTpaunax SHTOMOUHjmbix Ocjikob, 
jtaxce HeHaMHoro npeBbiuiaiomHx LC50, rnOejib HacexoMbix moxcct HacTynnTb yxce nepe3 
1 — 2 h. JInH cpaBHeHHH, rnOejib ryceHHu ot Cry-TOKCHHOB nponcxouHT nepe3 cyTKH h 
6ojiee. TojibKO ujia jihhhhok uiejiKOBHHHoro nepBH HaOjiioaajiH ObiCTpoe (b TeneHHe naca) 
HacTynjieHHe o6mero napajinna (Endo, Nishiitsutsuji-Uwo, 1980). EbicTpaa rnOejib jihhh¬ 
hok KOMapoB He o6a3aTejibHo CB«3aHa c scJxJieKTHBHocTbio tokchhob, ho MoxceT onpeae- 
jiHTbca OnojiorHeH HacexoMbix, HanpHMep cxopocTbio nocTynjieHHH nnmn b khhjchhhk. 
MeHee BepoaTHO, hto OHa CB5i3aHa c 6ojiee ObicTpbiM pacTBopeHHeM h npoTeojiH30M 
KpncTajuiOB b KHuieHHHKe, TeM 6ojiee hto cojiepxcHMoe KHuieHHHKa Aedes aegypti nacTHH- 
ho HHaKTHBHpyeT tokchh Cry4B (Zalunin e. a., 1998). 

3jieKTp0HH0-MHKp0CK0nHHeCK0e H3yneHHe 3(f)C})eKTa B03UCHCTBH5I TOKCHHOB Ha JIHHH¬ 
HOK Aedes aegypti noKa3ajio, hto ochobhmm mcctom npnjioxceHHH uchctbhh sthx OejiKOB 
HBjiaeTca snHTejiHH cpejmen khuikh HacexoMoro. Xota SHuoTOKCHHbi, nocTynaiomne c 
nnmeH, npoxouaT h nepe3 nepeuHHe OTaejibi KHuieHHHKa, 3uecb ohh He OKa3biBaiOT 
3aMeTHoro naTOjiorHHecKoro jichctbhh. Ohcbhuho, sto CB5i3aHo c TeM, hto nepeuHHH OTjjeji 
KHuieHHHKa BbicTjiaH tojictmm cjioeM xyTHKyjibi, ho, bo3moxcho, npH npoxoxcaeHHH nepeu- 
Hen khuikh shuotokchhm He ycneBaioT pacTBopHTbca h (b cjiynae Cry4B) aKTHBHpo- 
BaTbCfl. 

3HaHHTejibHbie noBpexueHHa snHTejinajibHbix kjictok B03HHKai0T yxce npn HeOojib- 
UIHX KOHUeHTpaUHHX 3HTOMOUH£HbIX OeJIKOB (0.2 Hr/MJI JXJIH KpHCTaJIJIOB, 25 Hr/MJI J1JI5I 

CryllA h 10 ht/mji juih Cry4B). Ilpn 6ojiee bmcokhx KOHueHTpaunax (IOOhf/mji juih 
C ryllA h 40 Hr/MJi jyia Cry4B) nepBbie BHUHMbie h3mchchhh b snHTejinajibHbix KjieTKax 
B03HHKaiOT yxce b TeneHHe 15 mhh 3Kcno3HUHH. IlojioOHafl cxopocTb 34)$ eKTa onncaHa h 
jijih jiencTBHH Cry-6ejiKOB Ha uiejiKOBHHHoro nepBH. Ilpn HHKyOauHH ryceHHu uicjikobhh- 
Horo nepBH c KpncTajuiaMH Bacillus thuringiensis ssp. kurstaki h aizawai yxce nepe3 
10 — 15 mhh H3MeH5ieTC5i $opMa h npoTHxceHHOCTb 6a3ajibHoro jiaOnpHHTa, nacTHHHO ot- 
cjiaHBaeTca 6a3ajibHaa MeMOpaHa, H3MeHaeTca 4 )0 P Ma mhtoxohjiphh (Endo, Nishiitsutsuji- 
Uwo, 1980). 
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riepBbiM 3cJ)cJ)eKT0M ^eHCTBHH MOCKHTOUH^Hbix 6 ejiKOB aBJiaeTca OTCJioeHne nepHTpo- 
(|)HHeCKOH 060 JIOHKH OT nOBepXHOCTH 3nHTeJIHaJlbHbIX KJieTOK H H3MeHeHHH (|)OpMbI H 
pa3MepOB MHKpOBOpCHHOK. B nOCJieflyiOmeM MHKpOBOpCHHKH pe3KO pe,ayUHpOBaJIHCb, 
CBH3aHHbIH C HHMH rJIHKOKaJIHKC yTpaHHBaJICfl. HeCKOJlbKO n03)Ke B SnHTeJIHaJIbHbIX KJieT- 
xax Ha 6 jiio ( aajiHCb cjie^yiomHe H3MeHeHH5i: nponcxoflHjio yBejinneHne npoTa^ceHHOcTH 
jiaxyH 6a3ajibHoro Jia 6 npHHTa ,ao ypoBHH nj \ pa hjih flaace BnjiOTb ,ao anHKajibHoro oxaejia; 
MHTOXOHflpHH pa3,ayBaJIHCb H B 3HaHHTeJIbHOH CTeneHH yTpaHHBaJlH KpHCTbi; B OKOJIOa,aep- 
hoh 30He noflBJuuiHCb KpynHbie h pa3BeTBJieHHbie BaxyojiH. CaMbie cnjibHbie HapyuieHHa 
Ha 6 jiio ( aajiHCb TOJibKo npn ^chctbhh SojibuiHX KOHueHTpauHH tokchhob. B 3tom cjiynae 
HaGjiKxaajiHCb pa3pbiBbi 6a3ajibHoro jia 6 npHHTa, CHJibHoe pa3,ayTHe mhtoxoh^phh h noTepa 
HMH KpHCT. KjieTOHHOe flJipO OCTaBaJlOCb 6e3 H3MeHeHHH. 

Bee nepenHCJieHHbie HapymeHHa npoHcxo^HT b snHTCJiHajibHbix KJieTKax no,a fleiiCTBH- 
eM KaK HCXOflHbIX KpHCTaJlJlOB, Tax H HHflHBHflyaJlbHblX TOKCHHOB. B TO xe BpeMa B HX 
<aeHCTBHH HMeioTca h HeKOTopbie pa3JiHHHH. Kax h b cjiynae sxcnepHMeHTOB no 6noTecTH- 
poBaHHio, 3H,aoTOKCHH Cry4B 6onee 3({)(})eKTHBeH, neM Cry 11 A. B cboio onepejtb, 06a 
SH.aoToxcHHa oxa3biBaiOT MeHee BbipaxeHHoe pa3pyuiHTejibHoe ^encTBHe Ha kjictkh cpeji- 
Heii KHuiKH no cpaBHeHHio c ncxoflHbiMH xpHCTaJuiaMH. 3to npoaBJiaeTca b tom, hto npH 
.aencTBHH HHflHBH^yajibHbix 6ejixoB: 1) b snHTejinajibHbix KJieTKax HaGjiiojtaeTCfl 6ojiee 
HH3xaa JiH30C0MHaa axTHBHOCTb, hto MO>xeT CBH,aeTejibCTBOBaTb o MeHbuien noBpexc.aeH- 
hocth xjieTOHHbix MeM6paH; 2) He npoHcxo^HT CHJibHon (J)parMeHTauHH snHTejiHajibHoro 
njiacTa, oh Bcecaa coxpaHaeT cboio uejiocTHOCTb; 3) He OTMeneHO nojiHOH noTepH MHxpo- 
BopcHHox anHxajibHon noBepxHOCTbio xjieTox cpejiHen khiukh, aaxce HecMOTpa Ha H3Me- 
HeHHe HX Cj)OpMbI. no Been BHflHMOCTH, 3th OTJIHHH5I CBH3aHbI C CHHeprH3MOM, Ha6jIIO- 
flaiomHMca npn .aencTBHH sHTOMoun^Hbix 6ejiKOB. KpoMe Toro, Hcxo,aHbie KpncTajuibi 
co^epacaT sh^otokchh CytA, oOjiajtaiomHH BbipaxceHHbiM uhtojihthhcckhm sc})c})eKTOM 
(Chestukhina e. a., 1985). 

BbiflBJieHHbie H3MeHeHHa CTpyKTypbi snHTejwajibHbix kjictok KHineHHHKa jihhhhok 
KOMapa npHHUHnHajibHO cxo>kh c HapymeHneM KHineHHoro snHTejina ryceHHu, npOH3BO,aH- 
mwm 6ejiKaMH ceM. Cryl (Endo, Nishiitsutsuji-Uwo, 1980; Percy, Fast, 1982). 3to roBopHT 
06 yHHBepcajibHOCTH flencTBHfl Bcex Cry-6ejiKOB Ha ypoBHe uHTonaTOJiorHH. 

HHTepecHO cpaBHHTb nojiyneHHbie aaHHbie c namnornHecKHM 3c}x})eKTOM mockhtouha- 
Hbix OejiKOB H3 apyroro SHTOMonaToreHa — Bacillus sphaericus. ToKCHHbi B. sphaericus 
OTJiHHaiOTCfl 6ojiee OTcponeHHbiM naTOJiorHHecKHM 3(J)cJ)eKTOM (y jihhhhok KOMapa Culex 
quinquefasciatus napajinn HacTynaeT TOJibKo nepe3 24—48 h) (Singh, Gill, 1988). npn 
3tom rncTonaTOJiorHHecKHe H3MeHeHHH b cpejiHen khuikc HaOjiio.aaioTca nepe3 4 h nocjie 
Hanajia HHKyOaunn c TOKCHHaMH. Cxo^ctbo ^chctbhh tokchhob Bacillus thuringiensis w 
B. sphaericus npoaBJiaeTCfl b tom, hto nepBOHanajibHbie noBpoKfleHHa b o6ohx cjiynaax 

npOHCXOflflT B SnHTeJIHH epe^HeH KHUIKH. OCHOBHOe pa3JIHHHe - B TOM, HTO c caMoro 

Hanajia o6pa6oTKH TOKCHHaMH B. sphaericus b snHTejinajibHbix KJieTKax o6pa3yeTca 6ojib- 
uioe, yBejiHHHBaiomeeca co BpeMeHeM KOJinnecTBO jiH30coMono,ao6Hbix CTpyKTyp, hto b 
KOHeHHOM HTore nepe3 32—36 h npHBOjiHT k caMonepeBapHBaHHio sthx kjictok. B cboio 
onepejib, npn ^chctbhh shjiotokchhob B. thuringiensis HHjjyKUHa aKTHBHOCTH jih30C0m 
Ha6jnojtaeTca Jinuib Ha no3jiHHX CTajinax HHToxcHKauHH, xax otbct Ha uHTOJiHTHHecKne 
H3MeHeHHH B KJieTKax. 

06maa cxeMa MexaHH3Ma jtencTBHH shjiotokchhob B. thuringiensis cjiejtyiomaa (Hime- 
ro, 1987). CBH3biBaHHe c peuenTopoM cTHMyjinpyeT nepecTpoHKy MOJieKyjibi TOKCHHa, b 
xo,ae KOTopon ajibc})a-cnHpajiH npoHHKaioT BHyTpb MeMOpaHbi h o6pa3yiOT b Hen HOHHbie 
(Na + h K + )-KaHajibi. no o6e cTopoHbi anHKajibHOH MeMOpaHbi cTOJi6naTbix kjictok khuich- 
HHKa KOMapoB cymecTByeT rpajtneHT KOHueHTpauHH hohob K + . B annKajibHbix MeM6paHax 
HOHHbie KaHajibi OTcyTCTByioT. K + nocTynaeT BHyTpb kjictkh no rpajtneHTy KOHueHTpauHH 
TOJIbKO B XOfle COTpaHCnOpTa C aMHHOKHCJIOTaMH H MOHOCaxapHflaMH. 06paTHO B npOCBeT 
KHineHHHKa K + Bbixo^HT npoTHB rpajtneHTa BCJiejtCTBHe aKTHBHoro TpaHcnopTa. npn stom 
b o6mch Ha KajiHH b KJieTKy nocTynaeT H + , hto npHBOjiHT k cymecTBeHHOH (Ha Tpn 
nopa^Ka) pa3HHue b BejiHHHHax pH no o6e CTopoHbi anHKajibHOH MeM6paHbi. Tokchh, 
C03,aaBaa HOHHbie KaHajibi, HH^ayunpyeT pe3xoe nocTynjieHHe K + BHyTpb uHTonjia3Mbi, a 
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BCJieacTBHe 3Toro HapyuieHHe ocmothhcckoh peryjiauHH kjictkh, npHBOflamee k ee pa3^y- 
BaHHio h jiH3wcy. IlafleHHe rpa^neHTa KOHueHTpaunn K + Ha anHKajibHOH MeMSpaHe Bbi3bi- 
BaeT yxymueHne nocTynjieHHH H3 npocBeTa KHiueHHHKa nwTaTejibHbix BemecTB h 3amejia- 
HHBaHwe UHTonjia3Mbi. 
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CYTOPATHOLOGICAL INFLUENCE OF BACILLUS THURINGIENSIS ISRAELENSIS 
ENDOTOXINS ONTO AN INTESTINE OF AEDES AEGYPTI MOSQUITO LARVAE 

I. A. Zalunin, S. Yu. Chaika, M. A. Dronina, L. P. Revina 
Key words'. Bacillus thuringiensis israelensis , toxin, midgut, larva, Aedes aegypti , cytophathology. 

SUMMARY 

The dynamics of pathological changes in the intestine of Aedes aegypti larvae under the influence 
of toxins Cryl 1A and Cry4B produced by Bacillus thuringiensis israelensis was studied by means of 
electron microscope. Most significant ultrastructure changes in the intestine of the second instar larvae 
were observed in the midgut. The cytoplasm of cells disintegrated, and elongated lacunae appeared. 
The number of microvilli decreased, or they disappeared in the result of destruction. The peritrophic 
membrane displaced to the lumen of midgut. Any changes in epithelial cells and cuticle intime of 
foregut and hindgut were not observed in a comparison to control. The toxin Cry4B caused the most 
effective destruction of the midgut epithelium. 
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BmieuKa k cm. M. A . 3cuiyHUHa u dp. 



Phc. 1. YjibTpacTpyKTypa anHTe/iHa cpezmew khiukh jihmhhok II B 03 pacTa KOMapa Aedes aegypti npn 
jieHCTBHH 3HXlOTOKCHHa CryllA Bacillus thuringiensis israelensis (7— 6). 

1 — 3riHTeJiHajibHafl KJietKa cpeaHeii khiukh, xlO 000; 2 — nepHTpcx]3HHecKaa oOouoHKa, xlOO 000; 3 — cpe3 
nepe3 MHKpoBopcHHKy, XlOO 000; 4 — ueHTpajibHbiii crnieji 3nHTejiHajibH0H KJieTKH, X10 000; 5 — JiaKyHbi b 
UHToruia3Me kjictkh, x20 000; 6 — anHKajibHaa noBepxHocTb anHTejiHH co CMemeHHOH b nonocTb khiukh 
nepHTpo(J}HHecKOH oOojiohkoh, xlO 000; 6ji — 6a3a^bHbin jiaOnpHHT; a — JiaKyHbi b uHTonna3Me; m — mhto- 
XOHnpHH; M6 - MHKpOBOpCHHKH; HO - nepHTpO(]3HHeCKafl o6oJ10HKa, A — a/ipo. 

Fig. 1. Ultrastructure of the midgut epithelium of Aedes aegypti larvae II intoxicated by CryllA 
of Bacillus thuringiensis israelensis (7— 6). 




Phc. 2. YjibTpacTpyKTypa ariHTejiHfl cpeflHeH khiukh jihhhhok II B03pacTa KOMapa Aedes aegypti npw 
fleHCTBHH 3H^0T0KCHHa Cry4B Bacillus thuringiensis israelensis (7— 12). 

7 — nepHTpcxfjHMecKaa oOojioHKa, x50 000; 8 — ueHTpajibHaa oOjiaCTb KJieTKH c OojibuiwMH jtaKynaMH b 
UHTOnjia3Me, xlO 000; 9 — anHKajibHbifi oxaeji anHTejiHa^bHOH kjictkh, x20 000; 10 — anmejiHajibHaa KjieTKa, 
npOHH3aHHaa jiaKyHaMH, xlO 000; 11 — OasajibHbifi oxaeji anmejiHajibHOH kjictkh, xlO 000; 12 — ariHTeJiHajib- 
Hafl KJieTKa C CHJlbHO p33BHTblM 6a3aJIbHblM JiaOHpHHTOM, xlO 000; MUl - Mblimibl. 

OdajibHbie o6o3HaHeHHH TaKwe xe, KaK Ha pnc. 1, 1 — 6 . 

Fig. 2. Ultrastructure of the midgut epithelium of Aedes aegypti larvae II intoxicated by Cry4B 
of Bacillus thuringiensis israelensis (7—^12). 



